Abstract: This article proposes some newly modified ratio estimators for the estimation of population mean of the study variable by incorporating the maximum value of the auxiliary variable. The expressions of the bias and mean squared error were derived. The conditions in which the suggested estimators have minimum values of mean squared error in comparison to the existing estimators were also derived. An empirical and simulation study was also conducted. From the empirical and simulation study, it was found that the suggested estimators perform more efficiently as compared to the existing estimators considered in this study.
INTRODUCTION
In survey research, if information is available in every unit of population and this information is correlated with the study variable, then such information is called auxiliary information. By using this auxiliary information one can propose numerous types of estimators for estimating the population mean by incorporating product, ratio and regression methods of estimation. The ratio and product methods of estimation are helpful for estimating the population mean when the correlation between the study variable and the auxiliary variable is positive and negative, respectively (Cochran, 1940; Murthy, 1967) . Suppose that the information on auxiliary variable Χ, which is correlated with the study variable Y, is also available against every unit of the population. With this additional information one can develop various types of estimators for population variance by using the ratio, regression, product and ratio-cum product methods of estimation.
Therefore, the ratio estimator for estimating the population mean Y of the study variable Y is defined as:ˆ, The ratio estimator represented in equation (1) produced efficient results for estimating y µ in comparison to the usual sample mean for a high positive correlation.
Generally, estimation of y µ by using auxiliary information is dealt in the context of augmenting the conventional parameters of an auxiliary variable through ratio or regression methods of estimation to achieve greater efficiency. Mostly, coefficient of skewness, coefficient of kurtosis, coefficient of variation of the auxiliary variable and coefficient of correlation between the study and the auxiliary variable are used in linear combination with some other conventional parameters of the auxiliary variable to estimate the population mean. For instance, refer Sisodia and Dwivedi (1981) , Rao (1991) , Upadhyaya and Singh (1999) , Singh et al. (2004) , Kadilar and Cingi (2004; 2006) , Yan and Tian (2010) , Jeelani et al. (2013) and the references therein.
For the ratio estimator for estimating Y based on the non-conventional measures of location and dispersion, refer the work of Abid et al. (2016a; 2016b; 2016c; 2016d) . The present study was focused on estimation of the population mean by incorporating information on a maximum value of the auxiliary variable with a linear combination of the coefficient of variation and correlation coefficient under ratio type structure of estimation. The main motivation behind suggesting the proposed estimators was to use additional information contained in the maximum value of the auxiliary to get relatively more precise estimators. Kadilar and Cingi (2004) proposed the ratio estimators based on the C x and β 2 of an auxiliary variable and showed that their suggested estimators are more efficient in comparison to the usual ratio estimator of population mean. Kadilar and Cingi (2004) where N is the population size, n is the sample size, f = n/N represent the sampling fraction, μ x is the population mean of an auxiliary variable X, μ y is the population mean of study variable Y, S x is the population standard deviation of X, S y is the population standard deviation of Y, C x is the coefficients of variation of X, C y is the coefficients of variation of Y and ρ is the coefficient of correlation between X and Y. Kadilar and Cingi (2006) suggested some ratio estimators by using the correlation coefficient of the auxiliary variable. It was proved that the suggested estimators are smaller values of MSEs compared to the other existing estimators (Cadilar & Cingi, 2006) . The estimators are represented below: Subramani and Kumarapandiyan (2012a; 2012b; 2012c; 2012d) introduced some new estimators using the linear combination of M d , C x , β 1 , β 2 and deciles of an auxiliary variable for estimating the population mean. Subramani and Kumarapandiyan (2012a; 2012b; 2012c; 2012d) The values of biases, constants and MSEs of Subramani and Kumarapandiyan (2012a; 2012b; 2012c; 2012d) 2 2 2  2  1  22 22 2 2 2  2  1  23 23 2 2 2  2  1  24 24 et al. (2013) developed the ratio estimator based on the value of quartile deviation and β 1 of the auxiliary variable for estimating the population mean and it is given as:
METHODOLOGY

Existing ratio estimators
where QD is the quartile deviation of X.
The value of bias, constant and the MSE are specified as:
( ) All the above estimators utilise auxiliary information in one way or the other. Good auxiliary variables are those which are similar to the study variable and can be taken as good proxies of the study variable. In addition, if correlation between the study and auxiliary variable is high (positive or negative), then based on the auxiliary information the characteristics of the study variable (such as mean, variance, coefficient of variation, maximum, minimum) can be precisely predicted. If the auxiliary variable is available in advance, in the past experience or in the pilot study, its extreme values (minimum and maximum) are easily available. When correlation between the study variable and the auxiliary variable is positive, then selecting the larger (smaller) value of the auxiliary variable will more likely result in the larger (smaller) value of study variable in the sample. Therefore, in many populations there exist some large or small values, and to estimate the population parameters without considering this information is sensitive. As is evident, in case of presence of an extremely high (low) outlier in the distribution of auxiliary variable, its mean is larger (smaller). In either case the result will be overestimation or underestimation of the mean. In the next section, we intend to propose estimators of mean by giving the same increment (the maximum of auxiliary variable) to population and sample means of auxiliary variable.
Proposed ratio estimators
Generally when the correlation between the study variable and the auxiliary variable is positive, the selection of the maximum value of the auxiliary variable is highly associated with the selection of the maximum value of the study variable. In this section, ratio estimators are proposed for the estimation of finite population mean using information of the maximum value of the auxiliary variable with the linear combination of the coefficient of variation and coefficient of correlation of an auxiliary variable. The proposed estimators are given by:
where M (x) is the maximum value of an auxiliary variable.
It is to be noted that in all the proposed estimators the ration part is augmented by using the population maximum of the auxiliary variable. It is anticipated that using the maximum of auxiliary variable will result in improved estimation of mean.
The values of biases, constants and MSEs of the proposed estimators are specified below: 
Efficiency comparisons
In this section, we derive the conditions in which the suggested estimators perform more efficiently in comparison to the existing estimators. The proposed estimator performs more efficiently if and only if; where k = 1,2,3 for the proposed estimators and l = 1,2,...,27 for the existing estimators.
RESULTS AND DISCUSSION
Practical study
To evaluate the performance of the proposed estimators against their competing estimators which are given in the Methodology, five natural populations have been selected. Populations I and II were obtained from Singh and Chaudhary (1986) , population III was taken from Cochran (1940) and populations IV and V were obtained from Murthy (1967) . The characteristics of the populations considered in this study are presented in Table 1 . The values of biases and constants are given in Tables 2 and 3 for existing and proposed estimators, respectively. The MSE values are represented in Tables 4 and 5 for the existing and proposed estimators, respectively.
It was revealed that the values of constants of the proposed estimators, i.e., R pk are smaller as compared to the values of the constants of the existing estimators i.e., R l which satisfied equation (2) ( Table 2 vs Table 3 ).
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It is revealed that the values of constants of proposed estimators i.e.,   are smaller as compared to the values of the constants of the existing estimators i.e.,   which satisfied equation (2) (cf. Table 2 vs Table 3). From Tables 2-3 , it is noted that the suggested estimators have minimum values of biases against to the existing estimators. As expected all proposed estimators MSE values are smaller in comparison to the existing estimators for all the populations considered in this study, which reveals the supremacy of the proposed estimators (cf. Table 4 vs  Table 5 ). It is also observed that suggested estimators based on the linear combination of correlation coefficient and the maximum value of auxiliary variable i.e.,     have the minimum MSE value as compared to the other proposed estimators i.e.,     and     (cf . Table 5 ). Hence, we can say that suggested estimators performs more efficiently against to the existing estimators based on the five real data sets considered in this study.
Simulations study
We also conduct the simulation study between the proposed estimators and the existing estimators by using real data set of population IV. We used simulations study to find MSE of existing estimators,     ,  = 1,2,3, … ,27 given in Section 2.1 and MSE of suggested estimators     ,  = 1,2,3 given in Section 2.2. The algorithm is designed in  language. The simulations were conducted according to the following steps:
i.
We select 5000 samples of size  = 20 from the real data set of population IV using simple random sampling without replacement. ii. We use the data from 5000 samples in (i) to find the value of     and     . So, we obtain 5000 values of     and     from 5000samples for  = 20. iii. For  = 20, the MSE of     and     are computed by the formulas given below:
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Simulations study
We select 5000 samples of size  = 20 from the real data set of population IV using simple random sampling without replacement. ii. We use the data from 5000 samples in (i) to find the value of     and     . So, we obtain 5000 values of     and     from 5000samples for  = 20. iii. For  = 20, the MSE of     and     are computed by the formulas given below: (Table 5) . Hence, we can say that the suggested estimators perform more efficiently compared to the existing estimators based on the five real datasets considered in this study.
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Simulation study
We also conducted a simulation study between the proposed estimators and the existing estimators by using the real dataset of population IV. We used the simulation study to find the MSE of the existing estimators and the suggested estimators. The algorithm is designed in R language. The simulations were conducted according to the following steps:
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where   is the population mean of the study variable.
The comparison between the existing and proposed estimators are done on the basis of relative efficiency (RE). The RE of suggested estimators with respect to existing estimators are found by using the expression given below:
, where  = 1,2,3, … ,27 and  = 1,2,3. The values of RE are reported in Table 6 . From Table 6 , we can conclude that all suggested estimators are performed more capable based on the values of RE in comparison to the existing estimators considered in this study and also these results are in accordance with the results of Section 4.1.
At the end, we may conclude that all proposed estimators show efficient performance as compared to the existing estimators used in this study.
CONCLUSION
The present study proposes some new ratio estimators by integrating the information on the maximum value of an auxiliary variable. The comparison between proposed estimators and existing estimators are done on the basis of mean square error and relative efficiency. From empirical study, we reveal that the suggested estimators have smaller mean square error values in
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CONCLUSION
The present study proposes some new ratio estimators by integrating the information on the maximum value of an auxiliary variable. The comparison between proposed estimators and existing estimators are done on the basis of mean square error and relative efficiency. From
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The values of RE are reported in Table 6 . From Table 6 , it can be concluded that all the suggested estimators perform better based on the values of RE in comparison to the existing estimators considered in this study and also these results are in accordance with the results of the practical study.
The present study proposes some new ratio estimators by integrating the information on the maximum value of an auxiliary variable. The comparison between proposed estimators and existing estimators are done on the basis of mean square error and relative efficiency. From the empirical study, it was revealed that the suggested estimators have smaller mean square error values in comparison to the existing estimators, which indicate the supremacy of the proposed estimators compared to the existing estimators considered in this study. It is noted that the performance of the proposed estimator , where  = 1,2,3, … ,27 and  = 1,2,3. is relatively higher as compared to the other proposed estimators. The results of simulation study also support the theoretical findings of the study. Therefore, based on the findings obtained from this study, we strongly recommend the use of proposed estimators for the practical applications against the existing estimators.
